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Abstract
Background: Prophylactic Vitamin D supplementation is a common practice in Alpaca breeding in many regions
around the world. An overdosage can lead to dystrophic mineralization of soft tissues. In this paper we illustrate a
suspected case of hypervitaminosis D in an 8-year-old female Alpaca.
Case presentation: In June 2015, the carcass of an 8-year-old female Alpaca (Vicugna pacos) was submitted to the
diagnostic laboratory of the Istituto Zooprofilattico Sperimentale delle Venezie (IZSVe) for necropsy. The animal had
undergone a spontaneous abortion with uterine prolapse and delivery of the placenta, and had died shortly thereafter.
Death occurred due to internal haemorrhage related to dystrophic mineralization of the left renal artery with
subsequent rupture and damage of the renal hilum. During the necropsy, histopathological and serum biochemical
analyses were performed. After laboratory analyses and the history of mineral and vitamin supplementation reported
by the breeder, a hypervitaminosis D was suspected to be the most probable cause of the dystrophic mineralization
observed in the left renal artery.
Conclusions: Most of the information regarding Llamas and Alpacas comes from the South American and Australian
regions. It is therefore important to provide scientific information about these animals in other regions of the world in
order to have a better and wider understanding of the nutritional and environmental conditions necessary for
optimal breeding.
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Background
Hypervitaminosis D in South American camelids (SAC) is
often caused by an overzealous supplementation of chole-
calciferol (Vitamin D3). The prophylactic administration
of Vitamin D3 is a common practice in preventing the ap-
pearance of rickets in SAC crias raised in regions charac-
terized by prolonged periods of reduced sunlight [1, 2].
Vitamin D is generally stored in the liver; its overdose can
lead to demineralization of the skeleton, hypocalcemia,
hyperphosphatemia and calcinosis. Prophylactic therapy
with Vitamin D3 is less common in adult animals than in
young ones: this report describes a case of dystrophic
mineralization of the renal arteries in an 8-year-old female
Alpaca possibly caused by hypervitaminosis D.
Case presentation
History
In June 2015, a breeder who had attended a conference
in New Zealand on SAC breeding, where hypovitamino-
sis D is of great relevance, and is well informed on SAC
nutritional needs and behaviors, reported a case history
of a late term abortion in an 8-year-old brown female
Alpaca (8th month of gestation). The strong uterine con-
tractions caused a uterine prolapse (two years before the
same animal also had a uterine prolapse after physiologic
delivery). The placenta was delivered immediately after
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abortion, and the uterus was soon repositioned by a veter-
inarian and retained with a suture. The animal was ob-
served closely after uterine reposition; paleness of the
mucous membranes, apathy, lethargy and hypothermia
were observed within two days. At first sight, the clinician
suspected that the rupture of the large uterine arteries had
caused the described clinical signs. The hembra died two
days after the abortion and repositioning of the uterus.
The carcass was submitted within an hour to the diagnos-
tic laboratory of the Istituto Zooprofilattico Sperimentale
delle Venezie (IZSVe) for necropsy.
Necropsy findings
The alpaca had been recently sheared, and at the external
examination it showed good nutritional status, weighing
61 kg; it presented with pale mucous membranes, haema-
toma and oedema of the external genital tract as well as a
shoelace patterned suture on the vulval lips, gained during
the retention of the prolapsed and repositioned uterus. No
other external macroscopic lesions were recognizable.
Among the gross necropsy findings, we observed haemo-
peritoneum, extended coagulum in the pelvic space, a
sharp laceration in the region of the renal hilum of the left
kidney, severe sclerosis of the renal arteries, and a diffuse
dystrophic mineralization of all blood vessels in the pelvic
space and in the abdomen (Fig. 1). The hardened left renal
artery was broken in proximity to the renal hilum: the
sharp end of the mineralized vessel had injured the hilum
of the left kidney causing the intra-abdominal haemor-
rhage, and therefore the death of the animal.
The uterus was oedematous and haemorrhagic be-
cause of the abortion and the associated prolapse. Fur-
thermore, a dilated chronic cardiomyopathy of the right
ventricular chamber was diagnosed. Parasitic enteritis,
caused by gastrointestinal strongyles, was confirmed by
coprological examination (flotation and sedimentation –
in house qualitative methods). No other parasites were
observed. The other organs were unremarkable and no
pathological alteration could be detected.
Histopathological findings
Samples of both renal arteries were collected and fixed
in 10% neutral buffered formalin for histological examin-
ation. The samples were processed, paraffin embedded,
stained with haematoxylin and eosin (HE) and observed
by standard light microscopy for histological examin-
ation. A focal dystrophic ossification was observed in the
fibrovascular tissues of the left renal artery (Fig. 2).
Serum biochemical profile
A blood sample was collected from the heart immediately
after submission for necropsy (within an hour of death),
centrifuged for 10 min at 3000 × g, and stored at -20 °C
until analysis. The serum biochemical profile revealed
hyperphosphatemia (7.07 mmol/l; range 1.1–2.8 mmol/l),
hypermagnesemia (2.9 mmol/l; range 0.8–1.1 mmol/l),
mild hypocalcemia (1.98 mmol/l; range 2.1–2.5 mmol/l),
hyponatremia (138 mmol/l; range 148–155 mmol/l),
hypochloremia (99 mmol/l; range 111–146 mmol/l),
hyperuremia (17.3 mmol/l; range 4.5–9.1 mmol/l), hyper-
creatininemia (288 μmol/l; range 104–168 μmol/l), and a
hypoproteinemia (48 g/l; range 56.2–70.4 g/l) with a mild
hypoalbuminemia (27 g/l; range 28.4–37.4 g/l) and nor-
moglobulinemia (22 g/l; range 21–31 g/l). All biochemical
parameters were analyzed by the means of commercial
kits (Roche Diagnostics, Mannheim, Germany) applied to
the analyzer Cobas C501 (Roche Diagnostics): principles
of the methods and analytical performance are described
in Table 1.
Range values from live animals are in accordance with
Hengrave Burri et al., [3], Dawson et al., [4], and Husa-
kova et al., [5]. Unfortunately, no reference range values
regarding dead animals are available. Furthermore, it is
known that post-mortem values are frequently not reli-
able and difficult to interpret, because of the physio-
logical events that happen in an organism after its death.
Fig. 1 The ossified left renal artery
Fig. 2 Focal ossification with dystrophic mineralization in the
fibrovascular tissue of the left renal artery (HE)
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In a work reported in 2008, Ferner describes how post-
mortem changes render the assumption of clinical
pharmacology largely invalid, making the interpretation
of concentrations measured in post-mortem samples
difficult and even impossible [6].
Conclusions
Vitamin D3 is synthesized in the skin of animals by
ultraviolet (UV) irradiation of 7-dehydrocholesterol; an
insufficient exposure to sunlight may therefore result in
a Vitamin D3 deficiency. According to Smith and Van
Saun [7], Vitamin D3 concentrations in SAC vary signifi-
cantly depending on the season: the lowest concentra-
tions are measured in the months of September and
October and then again in February and March, corre-
sponding to the months before and following the period
of less exposure to sunlight in central Europe [2, 7, 8, 9].
The herd is indeed located in a valley of the Dolomites
(Italy) characterized by very few hours of sunlight a day
(approximately 2 h of sunlight in January, 4 h in February,
and 5 h in March, [10]). During the winter months, blood
Vitamin D concentrations drop to approximately one
third to one sixth of summer concentrations [11]. Further-
more, more darkly colored and highly fleeced animals
present lower Vitamin D concentrations, although shear-
ing increases skin exposure and therefore Vitamin D con-
centrations [12]. The hypothesis that SAC have adapted to
the constant UV radiation in their native environment by
reducing their capability of producing this vitamin [7]
would most likely confirm why supplying animals with
Vitamin D has positive effects on their general wellbeing,
preventing possible vitamin and mineral deficiencies.
Hypovitaminosis D has been suggested as the main cause
of rickets in young growing SAC, and supplementation of
Vitamin D seems to be an effective tool in preventing
hypophosphataemic rickets syndrome [13, 14]. Prevention
campaigns usually consider oral administrations of
15,000-30,000 IU of vitamin D every 2 weeks during the
winter, intramuscular administration of 454 IU/kg every
3 months, or subcutaneous injections of 1000 IU/kg body
weight in late autumn and mid-winter at an interval of
90 days [13, 8, 15]. There is no scientific evidence that giv-
ing higher than the above-mentioned doses of Vitamin D
to lactating mothers would lead to higher concentrations
of this vitamin in the milk [8], and, therefore, prophylactic
therapy with Vitamin D3 is generally less common in adult
animals.
In the described case, the hembra was treated twice
with Vitamin D (Duphral® D3 1000, Zoetis Italia Srl, via
Andrea Doria 41 M, 00192 Roma, Italy), respectively in
November 2014 and January 2015. Both times, 0.5 ml of
the product were administered intramuscularly (corre-
sponding to 500,000 IU of Vitamin D3 per treatment).
The prescription mentioned is usually used to prevent
hypocalcemia in dairy cows, according to the manufac-
turer’s explicit recommendation. One vial contains
10 ml of solution, corresponding to 10,000,000 IU of
Vitamin D3. Along with warnings about the conse-
quences of an overdose, the producer mentions a de-
crease in bone mineralization and calcification of some
soft tissues. Based on the history of supplementation
reported by the breeder, a hypervitaminosis D was sus-
pected to be the most probable cause of the described
dystrophic mineralization.
Even though the results of the biochemical serum ana-
lyses are consistent with the reported clinical course and
seem to confirm the hypothesis of a hypervitaminosis
D, it is important to keep in mind that, as stated earlier,
post-mortem blood serum values are not totally reli-
able. Vitamin D intoxication was suspected based on
the hypersupplementation history and necropsy and
histopathological findings as well as on the hyperpho-
sphatemia, hyperuricemia, hypercreatinemia and hypo-
proteinemia. The cause of the hyperphosphataemia
could be a decreased renal phosphate excretion due to
a probable chronic renal insufficiency caused by a po-
tential calcinosis [16]; it is also possible that the in-
creased phosphate levels were associated to the release
Table 1 Serum biochemical profile
Biochemical parameter Analytical method Linearity Intra-assay variation (CV%) Inter-assay variation (CV%)
Total protein Biuret 2.0–120 g/l 1.1 1.5
Albumin Albumin bromocresol green (BCG) 2–60 g/l 0.7 1.0
Globulin Calculated parameter – – –
Urea UV kinetic – Urease 0.5–40 mmol/l 2.1 3.4
Creatinine Enzymatic – PAP 5–2700 μmol/l 1.1 1.2
Calcium o-cresolphtalein complexone 0.20–5 mmol/l 1.0 1.6
Phosphate Phosphomolybdate 0.10–6.46 mmol/l 0.7 1.4
Magnesium Xylidyl blue 0.10–2.0 mmol/l 1.1 1.3
Sodium Indirect potentiometry 80–180 mmol/l 0.3 0.5
Chlorine Indirect potentiometry 60–140 mmol/l 0.3 0.6
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of phosphorus by the red blood cells following haem-
olysis [17], given that the blood serum had been sam-
pled from the heart one hour after the animal’s death.
The presumed renal failure could also be the cause of
the mild hypocalcemia and mild hypoalbuminemia [18].
The detected hyperuricemia (17.3 mmol/l; range 4.5–
9.1 mmol/l) could also be closely related to a chronic
kidney disease. The hypercreatinemia (288 μmol/l;
range 104–168 μmol/l), presumably caused by a re-
duced renal clearance, and hypoproteinemia (48 g/l;
range 56.2–70.4 g/l) seem to prove the hypothesis of
renal insufficiency [1, 18]; creatinine clearance has
indeed been reported to be lower in individuals who
presented renal damage, such as sclerosis of the kidneys
[19]. Unfortunately we were unable to perform a histo-
pathological assay on the kidney, which would have
been extremely useful in confirming our thesis. A
chronic hyperphosphataemia causes initially few com-
plaints and does not upset the general wellbeing of the
animal. However, increased phosphate levels lead to
extra osseous calcium phosphate deposits in various
soft tissues, including arteries, in the joints and con-
nective tissues. The result is a progressive and increas-
ing stenosis of the blood vessels that can lead to cardiac
and peripheral circulatory disorders [20, 21, 14, 22].
Proper knowledge of the metabolism and the nutri-
tional needs of these animals are therefore necessary in
order to prevent deficiency disorders and nutritional
problems. Furthermore, other possible causes of dys-
trophic mineralization include arterial calcifications in
chronic kidney disease [22]; this has been frequently
encountered in human medicine, unfortunately we were
unable to find, in literature, other causes of dystrophic
mineralization in SAC.
Overzealous cholecalciferol (Vitamin D) supplementa-
tion is known to lead to Vitamin D toxicity, including
tissue mineralization and renal failure, not only in animals
but also in humans [20, 21]. A correct process of dosing
should always be based on history and on actual body
weight of the animal and the patient when administered.
Llamas and alpacas have been subject to much re-
search in the South American and Australian regions
because of the great density of such animals in those
areas, whereas in Europe most of these individuals
have been imported for hobby and other economic
factors. Most of the information about SAC is indeed
produced in South America, the United States of
America and Australia, and is therefore extremely
subject to and associated with territorial variations in
disease incidence and husbandry practices. Studies
based on SAC wellbeing and diseases, as well as other
possible treatments should be undertaken in Europe
and other countries of the world in order to docu-
ment the different presentations of disease brought
about by the influence of climatic conditions, habitat
variations and governmental requirements.
Abbreviations
HE: Haematoxylin and eosin; IZSVem: Istituto Zooprofilattico Sperimentale
delle Venezie; SAC: South American Camelids
Acknowledgements
The authors are grateful to all technicians of the diagnostic laboratory of IZSVe.
Funding
Institutional activity (no funding).
Availability of data and materials
Not applicable (all data is reported in paper).
Authors’ contributions
AT supervised necropsy and prepared the manuscript; AS carried out
biochemical analyses; histopathology was performed by CZ; AB prepared
and supervised the manuscript; MG and PZ supervised the manuscript.
All authors contributed to the manuscript. All authors read and approved the
final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study did not require official or institutional ethical approval according
to Italian legislation.
Author details
1Istituto Zooprofilattico Sperimentale delle Venezie, viale dell’Università 10,
35020 Legnaro, Italy. 2Libera Università di Bolzano, Department of Animal
Science, Faculty of Science and Technology, Piazza Università 5, 39100
Bolzano, Italy. 3Clinic for Ruminants, Vetsuisse-Faculty of the University of
Bern, Bremgartenstrasse 109A, 3012 Bern, Switzerland.
Received: 19 July 2016 Accepted: 1 December 2016
References
1. Gerspach C, Bateman S, Sherding R, Chew DJ, Besier AS, Grieves JL, Lakritz J.
Acute renal failure and anuria associated with vitamin D intoxication in two
alpaca (Vicugna pacos) cria. J Vet Intern Med. 2010;24:443–9.
2. Judson GJ, McGregor BA, Partington DL. Factors associated with low
vitamin D status of Australian alpacas. Aust Vet J. 2008;86:486–90.
3. Hengrave Burri I, Tschudi P, Martig J, Liesegang A, Meylan M.
Neuweltkameliden in der Schweiz. II. Referenzwerte für hämatologische und
blutchemische Parameter. Schweiz Arch Tierheilik. 2005;147:335–43.
4. Dawson DR, DeFrancisco RJ, Mix SD, Stokol T. Reference intervals for
biochemical analytes in serum and heparinized plasma and serum protein
fractions in adult alpacas (Vicugna pacos). Vet Clin Pathol. 2011;40/4:538–48.
5. Husakova T, Pavlata L, Pechova A, Hauptmanova K, Pitropovsaka E, Tichy L.
Reference values for biochemical parameters in blood serum of young and
adult alpacas (Vicugna pacos). Animal. 2014;8-9:1448–55.
6. Ferner RE. Post-mortem clinical pharmacology. Br J Clin Pharmacol. 2008;66/
4:430–43.
7. Smith BB, Van Saun RJ. Seasonal changes in serum calcium, phosphorus
and vitamin D concentrations in llamas and alpacas. Am J Vet Res. 2001;
62(8):1187–93.
8. Long P. Vitamin D deficiency and hypophosphataemic rickets syndrome. In:
British Veterinary Camelid Society - Preceedings of 2006 conference, Columbus
(OH). 2003. p. 7–8.
9. Meinecke B. Endokrinologie. In: Engelhardt WV, Breves G, editors. Physiologie
der Haustiere. Stuttgart: Enke im Hippokrates Verlag GmBH; 2000. p. 490–571.
10. Rete Civica dell’Alto Adige. www.retecivica.bz.it. Accessed 23 May 2016.
11. Van Saun RJ. Nutritional diseases of South American camelids. Small Rumin
Res. 2006;61:153–64.
Tavella et al. Irish Veterinary Journal  (2016) 69:19 Page 4 of 5
12. Van Saun RJ, Cebra C. Nutritional Diseases. In: Cebra C, Anderson DE, Tibary
A, Van Saun RJ, Johnson LW, editors. Llama and Alpaca: medicine, surgery,
reproduction, nutrition, and herd health. 1st ed. Amsterdam: Elvesier; 2014.
p. 124–39.
13. Fowler ME. Feeding and nutrition. In: Fowler ME, editor. Medicine and
surgery of Camelids. 3rd ed. Ames: Blackwell Publishing; 2010. p. 17–58.
14. Dittmer KE, Thompson KG. Vitamin D metabolism and rickets in domestic
animals: a review. Vet Pathol. 2011;48:389–407.
15. Judson GJ, Feakes A. Vitamin D doses for alpacas (Lama pacos). Aust Vet J.
1999;77:310–5.
16. Meyer DJ, Harvey JW. Evaluation of endocrine function. In: Meyer DJ, Harvey
JW, editors. Veterinary laboratory medicine - interpretation and diagnosis.
2nd ed. St. Louis: W.B. Saunders Company; 1998. p. 199–200.
17. Yu GC, Lee DBN. Clinical disorders of phosphorus metabolism. West J Med.
1987;147:569–76.
18. Chamorro MF, Passler T, Joiner K, Poppenga RH, Bayne J, Walz PH. Acute
renal failure in 2 adult llamas after exposure to Oak trees (Quercos spp.).
Can Vet J. 2013;54:61–4.
19. Veuthey T, Hoffman D, Vaidya VS, Wessling-Resnick M. Impaired renal function
and development in Belgrade rats. Am J Physiol Renal Physiol. 2014;306:333–43.
20. Kaur P, Mishra SK, Mithal A. Vitamin D toxicity resulting from overzealous
correction of vitamin D deficiency. Clin Endocrinol. 2015;0:1–5.
21. Holocombe H, Parry NM, Rick M, Brown DE, Albers TM, Refsal KR, Morris J,
Kelly R, Marko ST. Hypervitaminosis D and metastatic calcification in a colony
of inbred strain 13 guinea pigs. Cavia porcellus Vet Path. 2015;52:741–51.
22. Shanahan CM, Crouthamel MH, Kapustin A, Giachelli CM. Arterial calcification
in chronic kidney disease: key roles for calcium and phosphate. Circ Res. 2011;
109:697–711.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Tavella et al. Irish Veterinary Journal  (2016) 69:19 Page 5 of 5
